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Abstract
C24H22Cl4NPZn, triclinic, P1 (no. 2), a = 10.3047(9) Å,
b = 10.7962(8) Å, c = 12.8277(11) Å, α = 71.763(3)°, β = 76.660(3)°,
γ = 76.793(3)°, V = 1299.86(19) Å3, Z = 2, Rgt(F ) = 0.0275,
wRref(F 2) = 0.0749, T = 293(2) K.

CCDC no.: 2478641

The molecular structure is shown in the figure. Table 1
contains the crystallographic data and displacement pa-
rameters can be found in the cif-file attached to this article.

1 Source of materials

A mixture of 4-((triphenylphosphonio)methyl)pyridin-1-ium
chloride (0.01 mmol) and zinc chloride (ZnCl2, 0.01 mmol)

was dissolved in absolute ethanol (4 mL). Concentrated hy-
drochloric acid (HCl, ca. 0.5 mL, 36 % w/w) was then added
to the solution. The resulting mixture was stirred at room
temperature for approximately 30min. The solvent (ethanol
and excess HCl) was subsequently removed under a gentle
streamofnitrogengas or bycontrolled evaporation at ambient
temperature. Crystals of the title compound formed upon
complete evaporation of the solvent mixture.

2 Experimental details

The structure was solved by Direct Methods using SHELXT2

and refined anisotropically for all non-hydrogen atoms using
full-matrix least-squares methods (SHELXL3) within Olex2.4

3 Comment

Single-crystal X-ray diffraction (SCXRD) studies of triphe-
nylphosphonium derivatives and their inorganic hybrid
materials provide indispensable atomic-level insights
crucial for advancing functional material design.5–7 These
analyses unambiguously elucidate the precise coordination
geometry around metal centers (e.g., zinc in this case), the
detailed conformation of the complex organic cation, and
critical metrics like bond lengths, angles, and torsion angles.

As illustrated in the figure, the title compound features a
phosphorus atombearing four substituents: three phenyl rings
and one 4-methylpyridin-1-ium group. The planes defined by

Table : Data collection and handling.

Crystal: Clear light yellow block
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Rigaku, ω scans
θmax, completeness: .°, %
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Rigaku, SHELX,, Olex
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these four groups are not coplanar. Thedihedral angles formed
between the plane of the 4-methylpyridin-1-ium ring and those
of the three phenyl rings are 52.0°, 63.2°, and 30.5°, respectively.
This staggered orientation contributes to a more compact
molecular packing arrangement.8,9

Within the [ZnCl4]2− unit, the Zn–Cl bond lengths range
from 2.25 to 2.31 Å, indicative of a tetrahedral geometry.10–12

Significantly, the inorganic anion and the organic 4-((triphe-
nylphosphonio)methyl) pyridin-1-ium cation adopt an inter-
leaved arrangement, forming a distinct organic-inorganic
hybrid structure. This study provides valuable insights and
foundational support for the design and development of novel
organic-inorganic hybrid materials.

Acknowledgments: This work was financially supported by
the Natural Science Foundation of Shaanxi Province (2025JC-
YBMS-888); Scientfic research plan project of Shaanxi Provin-
cial Department of Education (24JK0334); The 2024 Key Scien-
tific Research Program Projects of the Shaanxi Provincial
Department of Education (Key Laboratory Projects, 24JS004);
Key Laboratory of Molecular Imaging and Drug Synthesis of
Xianyang city (2021QXNL-PT-0008); School-level Scientific and
Technological Innovation Team for Design, Synthesis and
Structural Modification of Drug Molecules (2024KCTD04).

References

1. Rigaku, O. D. CRYSALISPRO; Rigaku Oxford Diffraction Ltd: Yarnton,
Oxfordshire, England, 2017.

2. Sheldrick, G. M. SHELXT – Integrated Space-Group and Crystal-Structure
Determination. Acta Crystallogr. 2015, A71, 3–8.

3. Sheldrick, G. M. Crystal Structure Refinement with SHELXL. Acta
Crystallogr. 2015, C71, 3–8.

4. Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A.; Puschmann,
H. OLEX2: A Complete Structure Solution, Refinement and Analysis
Program. J. Appl. Crystallogr. 2009, 42, 339–341.

5. Babu, K. N.; Massarwe, F.; Shioukhi, I.; Masarwa, A. Sequential
Selective C–H and C(sp3)–+P Bond Functionalizations: An Entry to
Bioactive Arylated Scaffolds. Angew. Chem., Int. Ed. 2021, 60,
26199–26209.

6. Morita, K.; Ohta, R.; Aoyama, H.; Yahata, K.; Arisawa, M.; Fujioka, H.
Concise Synthesis of Oxacyclic Compounds Using Highly Discriminative
Two-Way Transformations of α,β-Unsaturated Esters in the Presence of
Enones. Chem. Commun. 2017, 53, 6605–6608.

7. Imanieh, H.; Ghammamy, S.; Nikje, M. M. A.; Hosseini, F.; Aghbolagh,
Z. S.; Fun, H.-K.; Khavasi, H. R.; Kia, R. Synthesis, Characterization, X-Ray
Structural Analysis, and Iodination Ability of Benzyl(triphenyl)
phosphonium dichloroiodate. Helv. Chim. Acta 2011, 94, 2248–2255.

8. Sharutin, V. V.; Sharutina, O. K.; Senchurin, V. S. Synthesis and Structure
of Gold Complexes [Ph3P(4-FC6H4CH2)]

+[AuCl4]
− and

[Ph3PCH2CH=CHMe]+[AuCl4]
−. Russ. J. Gen. Chem. 2016, 86, 2356–2360.

9. Davis, M. C.; Parrish, D. A. Synthesis of 4-(N,N-dialkylamino)
benzyltriphenylphosphonium Iodides from
Hydroxymethyltriphenylphosphonium iodide and N,N-Dialkylaniline.
Synth. Commun. 2008, 38, 3909–3918.

10. Moon, D.; Subhan, M. A.; Choi, J.-H. Bis[trans-dichloridobis(propane-1,
3-diamine-k2N,N′)chromium(III)] tetrachloridozincate Determined
Using Synchrotron Radiation. Acta Crystallogr. E 2012, 68, m832.

11. Tan, L.; Luo, Z.; Chang, X.; Wei, Y.; Tang, M.; Chen, W.; Li, Q.; Shen, P.;
Quan, Z. Structure and Photoluminescence Transformation
in Hybrid Manganese(II) Chlorides. Inorg. Chem. 2021, 60, 6600–6606.

12. Karâa, N.; Hamdi, B.; Ben Salah, A.; Zouari, R. Synthesis, Infra-Red, CP/
MAS-NMR Characterization, Structural Study and Electrical Properties
of the Bis(4-Amino-2-Chloropyridinium) Tetrachlorozincate (II)
Monohydrate. J. Mol. Struct. 2013, 1049, 48–58.

814 M. Yang et al.: Crystal structure of C24H22Cl4NPZn


	Crystal structure of 4-((triphenylphosphonio)methyl)pyridin-1-ium tetrachloridozincate(II), C24H22Cl4NPZn
	1 Source of materials
	2 Experimental details
	3 Comment
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


